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A study of the mechanism of acetyl CoA®! formation from ATP, acetate,
and CoA by yeast aceto-CoA-kinase has revealed that the reaction occurs
in two steps (1, 2). The evidence suggests that ATP and acetate react to
form PP and the acetyl derivative of A5P, which is then utilized in the
formation of acetyl CoA. This formulation is supported by the finding
that synthetic adenyl acetate and PP are enzymatically converted to ATP
(Reaction 1), and that acetyl CoA is formed from adenyl acetate and CoA
(Reaction 2).

(1) ATP + acetate = adenyl acetate 4+ PP
2) Adenyl acetate + CoA = acetyl CoA - A5P

The present communication deals with a description of the synthesis and
properties of adenyl acetate.

Materials and Methods

DPN, TPN, A5P, and glucose-6-phosphate dehydrogenase (0.8 unit per
mg. (3)) were products of the Sigma Chemical Company, and CoA (75 per
cent pure) was obtained from the Pabst Brewing Company. Hexokinase
and PP were prepared as previously described (2), and citrate-condensing
enzyme (4) containing malic dehydrogenase was kindly supplied by Dr.
S. Ochoa. A5P deaminase was prepared from rabbit muscle according to
the method of Kalckar (5), and 5-nucleotidase was obtained from bull
semen according to Heppel and Hilmoe (6), by using the ‘“simplified prepa-
ration.”

* This work was supported by grants from the United States Public Health Serv-
ice and the National Science Foundation.

t Scholar in Cancer Research of the American Cancer Society.

! The following abbreviations have been used throughout. Acetyl coenzyme A,
acetyl CoA; adenosine triphosphate, ATP; inorganic pyrophosphate, PP; adeno-
sine-5'-phosphate, A5P; diphosphopyridine nucleotide, DPN; triphosphopyridine
nucleotide, TPN; trichloroacetic scid, TCA; tris(hydroxymethyl)aminomethane,
Tris.
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1016 ADENYL ACETATE SYNTHESIS

Free A5P was determined by deamination with A5P deaminase (7) and
by the liberation of inorganic phosphate (8) with 5'-nucleotidase (6), while
acetate was measured with a partially purified preparation of acetokinase
by the method of Rose et al. (9).

Determination of Adenyl Acetate—Adenyl acetate was determined either
colorimetrically as the ferric complex of acethydroxamate, or enzymatically
by conversion to ATP or acetyl CoA.

ATP synthesis from adenyl acetate was measured in two ways. In the
first, adenyl acetate and P32P% were incubated with the enzyme, and the
ATP formed was determined after adsorption and elution from Norit (2).
ATP formation was also determined by measurement of TPN reduction in
the presence of aceto-CoA-kinase, hexokinase, glucose, glucose-6-phosphate
dehydrogenase, and TPN (2). Acetyl CoA synthesis from adenyl acetate
and CoA was measured by DPNH formation in the following series of reac-
tions.

aceto-CoA-kinase

(3) Adenyl acetate + CoA » acetyl CoA + ASP + H*
lic dehyd
) L-Malate + DPN - 1¢ CONYCrogenase , xalacetate + DPNH + H*
3) Acetyl CoA + oxalacetate citrate-condensing enzyme ,
citrate + CoA + H*
(6) Adenyl acetate + DPN + L-malate — citrate + A5P + DPNH + 3H*

In the colorimetric procedure, 0.1 ml. of freshly neutralized 2 M hydroxyl-
amine was added to the sample in 0.9 ml., and after 5 minutes at 37°, or at
room temperature, 0.5 ml. of 10 per cent ferric chloride containing 0.2 N
TCA and 0.66 ~ HCI was added. After 5 minutes the optical density at
540 mu was determined in a cuvette with a light path of 1 em. by using a
Beckman DU spectrophotometer. A sample to which no adenyl acetate
had been added served as the blank. 1 umole gave an optical density of
0.630 under these conditions. There was good agreement between the
values obtained in this manner and those determined enzymatically (Ta-
bleI). During these experiments it was found that incubation of the ade-
nyl acetate hydroxylamine mixture at 100° for 5 minutes, instead of at 37°,
gave higher values for adenyl acetate than those found enzymatically.
This discrepancy will be discussed later.

Synthesis of Adenyl Acetate—Adenyl acetate was prepared in two ways.
The first was the reaction of acetyl chloride and silver adenylate by a modi-
fication of the method used by Lipmann and Tuttle for acetyl phosphate
(10), and the second was a modification of the method of Avison (11) with
acetic anhydride and A5P in aqueous pyridine.
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Procedure A—360 mg. of A5P were suspended in 20 ml. of water and the
pH was adjusted to pH 6.5 with KOH. 4.0 ml. of 1.0 m silver nitrate were
added and after 1 hour at 4° the precipitate was removed by centrifugation,
washed twice with 25 ml. portions of cold water, twice with 50 ml. portions
of cold ethanol, and twice with 50 ml. portions of ether. The precipitate
was dried in vacuo over phosphorus pentoxide and paraffin. The yield of
silver adenylate was 435 mg.

430 mg. of the silver adenylate were suspended in 5 ml. of anhydrous
ether (from a freshly opened container) in a three-necked flask fitted with a
dropping funnel and two drying tubes containing calcium chloride. The
dropping funnel was also fitted with a drying tube at the top. The flask
was immersed in an ice bath and the suspension stirred with a magnetic
stirrer. 15 ml. of an ether solution containing 10 mg. of freshly distilled
acetyl chloride per ml. were added dropwise with vigorous stirring over a

TaBLE 1
Enzymatic and Colorimetric Determination of Synthetic Adenyl Acetate

Acethydroxamate formation ATP formation Acetyl CoA formation
umoles per mi. umoles per mi. % umoles per mil.
75.2 | 73.9* | 74.9
| 76.0f |

* Measured by conversion of P32P3% to ATP (2).
t Measured spectrophotometrically by TPNH formation (2).

period of about 20 minutes. The stirring was continued for an additional
15 minutes and then 5 ml. of cold water were added. The suspension was
carefully adjusted to pH 6.5 by the addition of 0.2 M potassium carbonate,
and then the ether layer was removed and washed twice with 5 ml. portions
of cold water. The aqueous fractions were combined and the residual ether
removed by blowing a stream of air over the solution at room temperature.

To the above solution (30 ml.) were added 3.3 ml. of 1 x HCI and, after
centrifugation, the silver chloride precipitate was washed with 5 ml. of cold
water and the wash and supernatant fluids were combined and carefully
neutralized to pH 6.5 with KOH. This solution (38 ml.), based on its op-
tical density at 260 my (extinction coefficient 16 X 10° em.~! M~ (7)), con-
tained 20.3 pmoles of total A5P per ml. By measurement of acethydrox-
amic acid formation at 37°, this solution contained 2.8 umoles of labile acety]l
groups per ml.

Procedure B—2.0 gm. of A5P (5.81 millimoles) were suspended in 16 ml.
of water and the pH was adjusted to about 7 with 8.5 M KOH. Pyridine
(4 ml.) was added and the solution was diluted to 24 ml. with water. The





















